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SPECIFICATION 



FOR PERIODONTAL DISEASES AND 

TECHNICAL FIELD therape utic agent and 

r 00011 This inventn.cn relates to 

th apeutic .ethod ror periodontal diseases an. P-paX 
a therapeu tissU e regeneration, 

ai seases. a transplant for periodontal ■ 

Hnn the periodontal tissue, 
and a method for regenerating the pe 

BACKGROUND ART 

, -i Hcone which is composed or 
r 00021 The periodontal tissue wni 

:;„.„.. ....... ..... 

^orane, . cements, dental pulp. etc. 

erecting teeth and maintaining their runctions such 

I t cl - occlusion, ana its damage or destruction 

, «= of teeth. Consider, for example, a 
will lead to the loss of teetn. 

periodontal disease «hlch la reported. — - 

periodontal tissue hecomes increasing damaged or 
, destroyed resulting in toot, loss. To treat damaged or 
) aestro* ...... the dental pulp, 

■-.^^nral tissue inciuamg 

destroyed periodontal tiss 

varl ous methods comprising medication and surgrcal 
peration are helng attempted hut none - the mediants 
ana therapeutic methods are sur.iciently e«ectrve to 
!5 ^generate the damaged or destroyed periodontal trssue 
including the dental pulp. 
[00031 neurotrophic .actors include 



n eurotrophin-3 CHT-3, an, neurotrophin-4/o CNT-4/5, - 
in voXved in differentiation, survivai. regeneration and 
£ anctionai maintenance of neuron. BDNF and «-./. to 

TrtcB (tropomyosin receptor 
the high-affinity receptor TrKB Itr v 

Kinase B) . NGF to Tr*A. and NT- 3 to TrkC. 

, 00041 BDNF , NGF and NT-3 are neurotrophic factors 

T h P efficacy of BDNF and 
mostiy present in the brarn and the 

NGr has heen demonstrated in experiments with anrmaXs 
various disease modeis such as a motor neuropathy modeX a 
PnrXinson-s disease modei. and an AXsheimer disease modei 
xn particuxar. BDNF is expected as an effective therapeutrc 
toug for motor and peripherai nervous diseases such as 
amyotrophic XateraX scXerosis (ALS) and peripherai 
neuropathies due to diahetes and chemotherapeutic agents 

, the central nervous system such 

5 and for diseases involving the centra 

Parkinson's disease, and 
as the Alzheimer disease, the Parkinson 

retina-related diseases. 

[0005 , These neurotrophic factors are said to piay an 
important roXe not onXy in the centrai nervous system hut 
20 axso in the peripherai nervous system, it has heen 

ported that the expression of BDNF , NGF. NT-3. TrKC and 
TrkA increased during the heaiing process of fractured 
mo use rihs (K. esaumi et ai.. Bone. Vox. 26. No. 6. 

625 -633. 2000, and that BDNF, NGF and NT-3 enhanced the 
25 proXiferation of mouse periodontai Xigament ceXXs (Y. 

T suhoi et ax., a Dent Bes B0 ( 3„SSl-Bse. 200X,. However. 

there are no detaiied reports on the hehavior of those 

neurotrophic factors in the periodontai tissue and puip 
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tissue . 

DISCLOSURE OF THE INVENTION 
PROBLEMS TO BE SOLVED BY THE INVENTION 
[00061 The objects of the present Invention are: to 
5 provide therapeutic agent ana a therapeutic method for 

periodontal diseases ana puipai diseases, a transplant for 
periodontal tissue regeneration, and a method for 
regenerating the periodontal tissue. 
MEANS FOR SOLVING THE PROBLEMS 
10 [0007 , Th6 present inventors made intensive studies wrth 
a vi ew to solving the above-mentioned problems and found 
th at neurotrophic factors enhanced the proliferation of 
h uman periodontal ligament cells, the expression of mRNA 
£o r bone-related proteins, and the regeneration of the 
15 periodontal tissue in dog moaels of a lesion in furcation 
regions. The present invention has been accomplished on 
the basis of these findings. 

(00081 Thus, according to the present invention, there 
ls proviaea a therapeutic agent for perioaontai aiseases 
2 „ which comprises a neurotrophic factor as an active 
ingredient • 

l00091 The therapeutic agent of the present inventron 
preferably regenerates the perioaontai tissue. 
[0010 , The therapeutic agent of the present inventron 
25 preferably regenerates the cementum. perioaontai ligament, 
alveolar bone, or dental pulp. 

I00llI The therapeutic agent of the present invention 
preferably prevents the apical invasion of gingival 



epithelium along the dental root surface. 

OT ,t of the present invention 
r 0 012] The therapeutic agent of the p 

[ • n € repaired dentin in 

preferably enhances the production of repaire 

itv It is also preferred for the therapeutic 
the pulp cavity. It is a 
5 ag ent to enhance the addition of repaired dentin to 
inner surfaces of the pulp cavity. 
[0013 , In t »e therapeutic agent of t h e present 
mention, the neurotrophic factor is — * * 
bra ln-derived neurotropic factor, a nerve growth factor. 

, or neurotrophic 4/ 5. 
10 neurotrophic 3, or neu 

[0014) « to another aspect of the present 

• there is provided a transplant for periodontal 
■ invention, there is pr factor. 
tis sue regeneration which comprises a neurotrophic 
[0015 , The transplant of the present invention 

anerates the periodontal tissue. 
15 preferably regenerates tne y 

[00l6] The transplant of the present invention 

operates the cen,entum. periodontal ligament, 
preferably regenerates tne 

alveolar bone, or dental pulp- 

, „f of the present invention 
[0017] The transplant of the p 

nt« the apical invasion of gingival 
preferably prevents the apro 

epithelium along the dental root surface. 

,001., The transplant of the present invention 

* „ces the production of repaired dentin in 
pra ferably enhance the p ^ ^ 

the pulp cavity. It is also P j- 

TpLL the addition of repaired dentin to the inner 
surfaces of the pulp cavity. 

[00191 m the transplant of the present invention. 
„ eu rotrophic factor is preferably a brain-derived 



[0017] 

20 



neurotrophic factor, a nerve growth factor, neurotrophic 3 . 
or neurotrophin-4/5. 

[0020] According to still another aspect of the present 
invention, there is provided a method for regenerating the 
5 periodontal tissue which comprises using a neurotrophic 
factor. 

[0021] The regenerating method of the present invention 
preferably regenerates the periodontal tissue. 
[0022] The regenerating method of the present invention 
10 preferably regenerates the cementum, periodontal ligament, 
alveolar bone, or dental pulp. 

[0023] The regenerating method of the present invention 
preferably prevents the apical invasion of gingival 
epithelium along the dental root surface. 
15 [0024] In the regenerating method of the present 
invention, the neurotrophic factor is preferably a 
brain-derived neurotrophic factor, a nerve growth factor, 
neurotrophic 3, or neurotrophin-4/5. 

[0025] According to yet another aspect of the present 
20 invention, there is provided a therapeutic method for 
periodontal disease which comprises administering a 
therapeutically effective amount of a neurotrophic factor 
to a subject who is suffering or prone to suffer from the 
disease. 

25 [0026] The therapeutic method of the present invention 
preferably regenerates the periodontal tissue. 
[0027] The therapeutic method of the present invention 
preferably regenerates the cementum, periodontal ligament. 
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alveolar bone, or dental pulp. 

[0028] The therapeutic method of the present invention 
preferably prevents the apical invasion of gingival 
epithelium along the dental root surface. 
5 [0029] The therapeutic method of the present invention 
preferably enhances the production of repaired dentin in 
the pulp cavity. It is also preferred for the method to 
enhance the addition of repaired dentin to the inner 
surfaces of the pulp cavity. 
10 [0030] In the therapeutic method of the present 
invention, the neurotrophic factor is preferably a 
brain-derived neurotrophic factor, a nerve growth factor, 
neurotrophin-3, or neurotrophic 4/ 5 . 

[0031] According to a further aspect of the present 
15 invention, there is provided use of a neurotrophic factor 
for producing a medicament to be used in the therapy of 
periodontal diseases . 

[0032] The medicament preferably regenerates the 
periodontal tissue, in particular, the cementum, 

20 periodontal ligament, alveolar bone, or dental pulp. The 
medicament preferably prevents the apical invasion of 
gingival epithelium along the dental root surface. The 
medicament preferably enhances the production of repaired 
dentin in the pulp cavity. It is also preferred for the 

25 medicament to enhance the addition of repaired dentin to 
the inner surfaces of the pulp cavity. The neurotrophic 
factor is preferably a brain-derived neurotrophic factor, 
nerve growth factor, neurotrophin-3, or neurotrophic 4/5 . 



[0033] According to yet a further aspect of the present 
invention, there is provided a repaired dentin 
morphogenesis enhancer comprising a neurotrophic factor as 
an active ingredient. The neurotrophic factor is preferably 
a brain -derived neurotrophic factor, a nerve growth factor, 
neurotrophin-3, or neurotrophic 4/ 5 - Repaired dentin is 
preferably added to the inner surfaces of the pulp cavity. 
[0034] According to another aspect of the present 
invention, there is provided a therapeutic method for 
pulpal disease which comprises administering a 
therapeutically effective amount of a neurotrophic factor 
to a subject who is suffering or prone to suffer from the 
disease in order to enhance the morphogenesis of repaired 
dentin. The neurotrophic factor is preferably a brain- 
derived neurotrophic factor, a nerve growth factor, 
neurotrophin-3, or neurotrophin-4/5 . Repaired dentin is 
preferably added to° the inner surfaces of the pulp cavity. 
[0035] According to yet another aspect of the present 
invention, there is provided use of a neurotrophic factor 
for producing a medicament to be used for enhancing the 
morphogenesis of repaired dentin. The neurotrophic factor 
is preferably a brain-derived neurotrophic factor, a nerve 
growth factor, neurotrophin-3, or neurotrophin-4/5. 
Repaired dentin is preferably added to the inner surfaces 
of the pulp cavity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] Fig. 1 is a set of electrophoretograms showing 
the expression of mRNA for BDNF and TrkB in HPL cells and 
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human periodontal ligament; the lane at the left end of 
each electrophoretogram is the marker; (A) shows the 
expression of mRNA (613 bp) of glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) in human periodontal ligament and HPL 
5 cells; (B) shows the expressions of mRNA (438 bp) of BDNF 
and mRNA (434 bp) of TrkB in human periodontal ligament; 
(C) shows the expression of mRNA for BDNF and TrkB in HPL 
cells . 

Fig. 2A shows by an electrophoretogram and a bar graph 
10 the relationship between the exposure time of BDNF and the 
amount of ALPase mRNA (381 bp) expression in HPL cells; HPL 
cells were all treated with BDNF at a final concentration 
of 50 ng/ml; the lane at the left end of the 
electrophoretogram is the marker; the vertical axis of the 
15 graph plots the relative amount of mRNA expression for each 
exposure time, with the amount of mRNA expression for 
exposure time zero being taken as unity; the horizontal 
axis of the graph plots the exposure time of BDNF; the 
vertical lines on the bars in the graph each represents the 
20 range of mean ± standard deviation; ** means the 

statistically significant difference at p<0.01 (in t-test). 

Fig. 2B shows by an electrophoretogram and a bar graph 
the relationship between the exposure time of BDNF and the 
amount of OPN mRNA (532 bp) expression in HPL cells; HPL 
25 cells were all treated with BDNF at a final concentration 
of 50 ng/ml; the lane at the left end of the 
electrophoretogram is the marker; the vertical axis of the 
graph plots the relative amount of mRNA expression for each 
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exposure time, with the amount of mRNA expression for 
exposure time zero being taken as unity; the horizontal 
axis of the graph plots the exposure time of BDNF; the 
vertical lines on the bars in the graph each represents the 
5 range of mean ± standard deviation; ** means the 

statistically significant difference at p<0.01 (in t-test). 

Fig. 2C shows by an electrophoretogram and a bar graph 
the relationship between the exposure time of BDNF and the 
amount of BMP -2 mRNA (440 bp) expression in HPL cells; HPL 

10 cells were all treated with BDNF at a final concentration 
of 50 ng/ml; the lane at the left end of the 
electrophoretogram is the marker; the vertical axis of the 
graph plots the relative amount of mRNA expression for each 
exposure time, with the amount of mRNA expression for 

15 exposure time zero being taken as unity; the horizontal 
axis of the graph plots the exposure time of BDNF; the 
vertical lines on the bars in the graph each represents the 
range of mean ± standard deviation; ** means the 
statistically significant difference at p<0.01 (in t-test). 

20 Fig. 2D is an electrophoretogram showing the 

relationship between the exposure time of BDNF and the 
amount of GAPDH mRNA expression in HPL cells; HPL cells 
were all treated with BDNF at a final concentration of 50 
ng/ml; the lane at the left end of the electrophoretogram 

25 is the marker. 

Fig. 3A shows by an electrophoretogram and a bar graph 
the relationship between the exposure time of BDNF and the 
amount of BMP-4 mRNA (339 bp) expression in HPL cells; HPL 
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cells were all treated with BDNF at a final concentration 
of 50 ng/ml; the lane at the left end of the 
electrophoretogram is the marker; the vertical axis of the 
graph plots the percentage of the amount of mRNA expression 
5 for each exposure time, with the amount of mRNA expression 
for exposure time zero being taken as 100; the horizontal 
axis of the graph plots the exposure time of BDNF; the 
vertical lines on the bars in the graph each represents the 
range of mean ± standard deviation. 

10 Fig. 3B shows by an electrophoretogram and a bar graph 

the relationship between the exposure time of BDNF and the 
amount of OPG mRNA (736 bp) expression in HPL cells; HPL 
cells were all treated with BDNF at a final concentration 
of 50 ng/ml; the lane at the left end of the 

15 electrophoretogram is the marker; the vertical axis of the 
graph plots the percentage of the amount of mRNA expression 
for each exposure time, with the amount of mRNA expression 
for exposure time zero being taken as 100; the horizontal 
axis of the graph plots the exposure time of BDNF; the 

20 vertical lines on the bars in the graph each represents the 
range of mean ± standard deviation. 

Fig. 4A shows by an electrophoretogram and a bar graph 
the relationship between the dose at which BDNF was 
administered to HPL cells and the amount in which ALPase 

25 mRNA was expressed; the respective concentrations of BDNF 

were allowed to act on the HPL cells for 2 4 hours; the lane 
at the left end of the electrophoretogram is the marker; 
the vertical axis of the graph plots the relative amount of 
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mRNA expression at each dose of BDNF, with the amount of 
mRNA expression for zero dose being taken as unity; the 
horizontal axis of the graph plots the concentration of 
BDNF (ng/ml); the vertical lines on the bars in the graph 
each represents the range of mean ± standard deviation; ** 
means the statistically significant difference at p<0.01 
(in t-test) . 

Fig. 4B shows by an electrophoretogram and a bar graph 
the relationship between the dose at which BDNF was 
administered to HPL cells and the amount in which OPN mRNA 
was expressed; the respective concentrations of BDNF were 
allowed to act on the HPL cells for 12 hours; the lane at 
the left end of the electrophoretogram is the marker; the 
vertical axis of the graph plots the relative amount of 
mRNA expression at each dose of BDNF, with the amount of 
mRNA expression for zero dose being taken as unity; the 
horizontal axis of the graph plots the concentration of 
BDNF (ng/ml); the vertical lines on the bars in the graph 
each represents the range of mean ± standard deviation; ** 
means the statistically significant difference at p<0.01 
(in t-test) . 

Fig. 4C shows by an electrophoretogram and a bar graph 
the relationship between the dose at which BDNF was 
administered to HPL cells and the amount in which BMP- 2 
mRNA was expressed; the respective concentrations of BDNF 
were allowed to act on the HPL cells for 24 hours; the lane 
at the left end of the electrophoretogram is the marker; 
the vertical axis of the graph plots the relative amount of 
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mRNA expression at each dose of BDNF, with the amount of 
mRNA expression for zero dose being taken as unity; the 
horizontal axis of the graph plots the concentration of 
BDNF (ng/ml); the vertical lines on the bars in the graph 
5 each represents the range of mean ± standard deviation; * 
and ** mean the statistically significant differences at 
p<0.05 and p<0.01, respectively (in t-test). 

Fig. 4D is an electrophoretogram showing the 
relationship between the dose at which BDNF was 

10 administered to HPL cells and the amount at which GAPDH 
mRNA (613 bp) was expressed. 

Fig. 5 (A) is a bar graph showing the relationship 
between the dose at which BDNF was administered to HPL 
cells and the amount in which OPN was secreted; the 
i 15 respective concentrations of BDNF were allowed to act on 

the HPL cells for 12 hours; the vertical axis plots the 
amount of OPN secretion (ng/ml) and the horizontal axis 
plots the concentration of BDNF (ng/ml); Fig. 5 (B) is a 
bar graph showing the relationship between the dose at 

20 which BDNF was administered to HPL cells and the amount in 
which BMP- 2 was secreted; the respective concentrations of 
BDNF were allowed to act on the HPL cells for 24 hours; the 
vertical axis plots the amount of BMP- 2 secretion (pg/ml) 
and the horizontal axis plots the concentration of BDNF 

25 (ng/ml); Fig. 5 (C) is a bar graph showing the relationship 
between the exposure time of BDNF and the amount in which 
BMP- 2 was secreted in HPL cells; the cells were treated 
with BDNF at a final concentration of 50 ng/ml; the 
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vertical axis plots the amount of BMP-2 secretion (pg/ml) 
and the horizontal axis plots the exposure time of BDNF; 
the vertical lines on the bars in the graphs (A) - (C) each 
represents the range of mean ± standard deviation; ** means 
5 the statistically significant difference at p<0.01 (in 
t-test ) . 

Fig, 6 shows by means of a bar graph the relationship 
between the dose at which BDNF was administered and the 
ability of HPL cells and HGK to synthesize DNA; the 

10 respective concentrations of BDNF were allowed to act on 
HPL cells and HGK for 24 hours; the vertical axis of each 
graph plots the relative ability to synthesize DNA at each 
dose of BDNF or bFGF , with the ability to synthesize DNA in 
the absence of BDNF or bFGF (i.e. at zero concentration of 

15 BDNF or bFGF) being taken as 100; the horizontal axis plots 
the concentration of BDNF or bFGF (ng/ml); the vertical 
lines on the bars in the graphs each represents the range 
of mean ± standard deviation; * and ** mean the 
statistically significant differences at p<0.05 and p<0.01, 

20 respectively (in t-test); (A) shows the ability to 

synthesize DNA in HPL cells, and (B) shows the ability to 
synthesize DNA in HGK. 

Fig. 7 (A) is a bar graph showing the relationship 
between the dose at which BDNF was administered to HPL 

25 cells and the amount in which type I collagen was 

synthesized; the respective concentrations of BDNF were 
allowed to act on HPL cells for 24 hours; the vertical axis 
plots the amount (fxg/ml) in which type I collagen was 
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synthesized and the horizontal axis plots the concentration 
of BDNF (ng/ml); Fig. 7 (B) is a bar graph showing the 
relationship between the exposure time of BDNF and the 
amount in which type I collagen was synthesized; the cells 
5 were treated with BDNF at a final concentration of 50 

ng/ml; the vertical axis plots the amount (|ng/ml) in which 
type I collagen was synthesized and the horizontal axis 
plots the exposure time of BDNF; the vertical lines on the 
bars in the graphs (A) and (B) each represents the range of 
10 mean ± standard deviation; * and ** mean the statistically 
significant differences at p<0.05 and p<0.01, respectively 
( in t- test ) . 

Fig. 8 shows by means of a bar graph the relationship 
between the dose at which BDNF was administered to a dog 

15 model of class III furcation defect and the regeneration of 
the cementum and the alveolar bone; the vertical axis plots 
the percent regeneration of the cementum or bone, and the 
horizontal axis plots the concentration of BDNF (fxg/ml); 
the vertical lines on the bars in the graphs each 

20 represents the range of mean ± standard deviation; * and ** 
mean the statistically significant differences at p<0.05 
and p<0.01, respectively (in t-test); (A) shows the 
relationship with the percent regeneration of the cementum 
and (B) shows the relationship with the percent 

2 5 regeneration of the bone. 

Fig. 9A is an optical microscopic view (x20) of a 
hematoxylin-eosin stained specimen of a bone defect at 
furcation and packed with a BDNF-free TERUPLUGR (CONTROL), 



prepared in Example 2 . 

Fig. 9B is a microscopic view (x20) of a bone defect 
at furcation and packed with a transplant containing BDNF 
(5 M,g/ml), prepared in Example 2. 

Fig. 10 is a partial enlarged view (x200) of the area 
right under the furcation shown in Fig. 9B; in that area 
and in almost all parts of the exposed dental root surface, 
cementum had been regenerated with collagen fibers embedded 
therein and there was no invasion of epithelium. 

Fig. 11A shows by a radioactivity band and a bar graph 
the amount at which NGF mRNA was expressed in HPL cells; 
the vertical axis of the graph plots the amount of NGF mRNA 
expression relative to the amount of GAPDH mRNA expression; 
in the graph, HGF designates gingival fibroblasts, HPC, 
pulp cells, HSF, human skin fibroblasts, and HNB , human 
neuroblastoma cells. 

Fig. 11B shows by a radioactivity band and a bar graph 
the amount at which TrkA mRNA was expressed in HPL cells; 
the vertical axis of the graph plots the amount of TrkA 
mRNA expression relative to the amount of GAPDH mRNA 
expression; in the graph, HGF designates gingival 
fibroblasts, HPC, pulp cells, HSF, human skin fibroblasts, 
and HNB, human neuroblastoma cells. 

Fig. 12 shows by means of a bar graph the effects of 
NGF on the amount of OPN mRNA expression in HPL cells; (A) 
is a graph showing the results of measuring the time course 
effect of NGF; the vertical axis of the graph plots the 
relative amount of OPN mRNA expression for each exposure 
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time of NGF, with the amount of mRNA expression for 
exposure time zero being taken as unity; the horizontal 
axis of the graph plots the exposure time of NGF; all cells 
were treated with NGF at a final concentration of 100 
5 ng/ml; (B) is a graph showing the results of measuring the 
dose effect; the vertical axis of the graph plots the 
relative amount of OPN mRNA expression at each 
concentration of NGF, with the amount of mRNA expression at 
zero concentration being taken as unity; the horizontal 

10 axis of the graph plots the concentration of NGF (ng/ml); 
NGF exposure time was24 hours in all cases. 

Fig. 13 shows by means of a bar graph the effects of 
NGF on the amount of ALPase mRNA expression in HPL cells; 
(A) is a graph showing the results of measuring the time 

15 course effect of NGF; the vertical axis of the graph plots 
the relative amount of ALPase mRNA expression for each 
exposure time of NGF , with the amount of ALPase mRNA 
expression for exposure time zero being taken as unity; the 
horizontal axis of the graph plots the exposure time of 

20 NGF; (B) is a graph showing the results of measuring the 
dose effect; the vertical axis of the graph plots the 
relative amount of ALPase mRNA expression at each 
concentration of NGF , with the amount of ALPase mRNA 
expression at zero concentration being taken as unity; the 

25 horizontal axis of the graph plots the concentration of NGF 
(ng/ml). 

Fig. 14 shows by means of a bar graph the effects of 
NGF on the amount of BMP-2 mRNA expression in HPL cells; 
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(A) is a graph showing the results of measuring the time 
course effect of NGF ; the vertical axis of the graph plots 
the relative amount of BMP- 2 mRNA expression for each 
exposure time of NGF, with the amount of BMP-2 mRNA 
5 expression for exposure time zero being taken as unity; the 
horizontal axis of the graph plots the exposure time of 
NGF; (B) is a graph showing the results of measuring the 
dose effect; the vertical axis of the graph plots the 
relative amount of BMP-2 mRNA expression at each 
10 concentration of NGF, with the amount of BMP-2 mRNA 

expression at zero concentration being taken as unity; the 
horizontal axis of the graph plots the concentration of NGF 
(ng/ml) . 

Fig. 15 shows by means of a bar graph the relationship 
15 between the dose at which NGF was administered and the 
ability of HPL cells and HGK to synthesize DNA; the 
respective concentrations of NGF were administered to HPL 
cells and HGK for 24 hours; the vertical axis of each graph 
plots the relative ability to synthesize DNA at each dose 
20 of NGF, with the ability to synthesize DNA at zero 

concentration of NGF being taken as 100; the horizontal 
axis plots the concentration of NGF (ng/ml); (A) shows the 
ability to synthesize DNA in HPL cells, and (B) shows the 
ability to synthesize DNA in HGK. 
25 Fig. 16A shows by a radioactivity band and a bar graph 

the amount of NT- 3 mRNA expression in HPL cells; the 
vertical axis of the graph plots the relative amount of NT- 
3 mRNA expression, with the amount of GAPDH mRNA expression 
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being taken as unity; in the graph, HGF designates gingival 
fibroblasts, HPC, pulp cells, HSF, human skin fibroblasts, 
and HNB, human neuroblastoma cells. 

Fig. 16B shows by a radioactivity band and a bar graph 
the amount of TrkC mRNA expression in HPL cells; the 
vertical axis of the graph plots the relative amount of 
TrkC mRNA expression, with the amount of GAPDH mRNA 
expression being taken as unity; in the graph, HGF 
designates gingival fibroblasts, HPC, pulp cells, HSF, 
human skin fibroblasts, and HNB, human neuroblastoma cells. 

Fig. 17 is a bar graph showing the relationship 
between the dose at which NT -3 was administered and the 
ALPase activity in HPL cells; the vertical axis of the 
graph plots the ALPase activity (nmol/well) and the 
horizontal axis plots the concentration of NT-3 (ng/ml). 

Fig. 18 is a bar graph showing the relationship 
between the dose at which NT-3 was administered and the 
ability to synthesize DNA in HPL cells; the vertical axis 
of the graph compares by absorbance the ability of HPL 
cells to synthesize DNA at various concentrations of NT-3; 
and the horizontal axis plots the concentration of NT-3 
(ng/ml). 

Fig. 19A shows by an electrophoretogram and a bar 
graph the relationship between the exposure time of NT- 4/ 5 
and the amounts in which mRNAs of OPN and OCN were 
expressed in HPL cells; the final concentration of NT-4/5 
was adjusted at 50 ng/ml; the lane at the left end of each 
electrophoretogram is the marker; the vertical axis of each 
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graph plots the relative amount of mRNA expression for 
exposure time, with the amount of mRNA expression for 
exposure time zero being taken as 100; the horizontal axis 
of each graph plots the exposure time of NT-4/5; the 
5 vertical lines on the bars in each graph represent the 

range of mean ± standard deviation; in each graph, * and ** 
mean p<0.05 and p<0.01, respectively ( statistical testing 
by t-test) . 

Fig. 19B shows by an electrophoretogram and a bar 
10 graph the relationship between the exposure time of NT-4/5 
and the amounts in which mRNAs of BMP -2 and BMP -7 were 
expressed in HPL cells; the final concentration of NT-4/5 
was adjusted at 50 ng/ml; the lane at the left end of each 
electrophoretogram is the marker; the vertical axis of each 
15 graph plots the relative amount of mRNA expression for each 
exposure time, with the amount of mRNA expression for 
exposure time zero being taken as 100; the horizontal axis 
of each graph plots the exposure time of NT-4/5; the 
vertical lines on the bars in each graph represent the 
20 range of mean ± standard deviation; in each graph, * and ** 
mean p<0.05 and p<0.01, respectively (statistical testing 
by t-test ) . 

Fig. 19C shows by an electrophoretogram and a bar 
graph the relationship between the exposure time of NT-4/5 
25 and the amount in which mRNA of ALPase was expressed in HPL 
cells; it also shows by an electrophoretogram the 
relationship between the exposure time of NT-4/5 and the 
amount of GAPDH expression; the final concentration of NT- 
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4/5 was adjusted at 50 ng/ml; the lane at the left end of 
each electrophoretogram is the marker; the vertical axis of 
the graph plots the relative amount of mRNA expression for 
each exposure time, with the amount of mRNA expression for 
5 exposure time zero being taken as 100; the horizontal axis 
of the graph plots the exposure time of NT-4/5; the 
vertical lines on the bars in the graph represent the range 
of mean ± standard deviation; * means p<0.05 (statistical 
testing by t-test). 

10 Fig. 20 is a set of graphs showing the results of 

measuring the dose effect of NGF on the expression of mRNA 
for various bone-related proteins (ALPase, BMP- 2, DSPP, 
OPN, and OCN) in HP cells; the exposure time of NGP was 24 
hours; the vertical axis of each graph plots the relative 

15 amount of mRNA expression at each concentration of NGF, 
with the amount of mRNA expression at zero concentration 
being taken as unity; the horizontal axis plots the 
concentration of NGF (ng/ml); the vertical lines on the 
bars in each graph represent the range of mean ± standard 

20 deviation. 

Fig. 21 is a set of graphs showing the results of 
measuring the dose effect of BDNF on the expression of mRNA 
for various bone-related proteins (ALPase, BMP- 2, DSPP, 
type I collagen, OPN, and OCN) in HP cells; the vertical 

2 5 axis of each graph plots the relative amount of mRNA 

expression at each concentration of BDNF, with the amount 
of mRNA expression at zero concentration being taken as 
unity; the horizontal axis plots the concentration of BDNF 
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(ng/ml); the vertical lines on the bars in each graph 
represent the range of mean ± standard deviation. 

Fig. 22 is a set of graphs showing the results of 
measuring the dose effect of NT- 3 on the expression of mRNA 
5 for various bone-related proteins (ALPase, BMP- 2, DSPP, 

OPN, and OCN) in HP cells; the vertical axis of each graph 
plots the relative amount of mRNA expression at each 
concentration of NT-3, with the amount of mRNA expression 
at zero concentration being taken as unity; the horizontal 

10 axis plots the concentration of NT-3 (ng/ml) ; the vertical 
lines on the bars in each graph represent the range of mean 
± standard deviation. 

Fig. 23 is a set of graphs showing the results of 
measuring the dose effect of NT-4/5 on the expression of 

15 mRNA for various bone-related proteins (ALPase, BMP-2, 
DSPP, type I collagen, OPN, and OCN) in HP cells; the 
vertical axis of each graph plots the relative amount of 
mRNA expression at each concentration of NT-4/5, with the 
amount of mRNA expression at zero concentration being taken 

20 as unity; the horizontal axis plots the concentration of 
. NT-4/5 (ng/ml); the vertical lines on the bars in each 
graph represent the range of mean ± standard deviation. 

Fig. 24 is a set of bar graphs showing the 
relationship between the dose at which various neurotrophic 

25 factors (NGF, BDNF , NT-3, and NT-4/5) were administered and 
the ability of HP cells to synthesize DNA; the respective 
concentrations of the neurotrophic factors were allowed to 
act on HP cells for 24 hours; the vertical axis of each 
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graph plots the relative absorbance at each dose of a 
neurotrophic factor, with the absorbance without a 
neurotrophic factor (i.e. at zero concentration of a 
neurotrophic factor) being taken as 100; the horizontal 
5 axis plots the concentration of each neurotrophic factor 
(ng/ml); the vertical lines on the bars in each graph 
represent the range of mean ± standard deviation. 

Fig. 25A shows by an electrophoretogram and a bar 
graph the relationship between the exposure time of NGF and 

10 the amount of ALPase mRNA expression in HMS cells; it also 
shows an electrophoretogram depicting the relationship with 
the amount of GAPDH mRNA expression as control; HMS cells 
were all treated with NGF at a final concentration of 100 
ng/ml; the lane at the left end of each electrophoretogram 

15 is the marker; the vertical axis of the graph plots the 
percentage of the amount of mRNA expression for each 
exposure time of NGF, with the amount of mRNA expression 
for exposure time zero being taken as 100%; the horizontal 
axis plots the exposure time of NGF. 

20 Fig. 25B shows by an electrophoretogram and a bar 

graph the relationship between the exposure time of NGF and 
the amount of OCN mRNA expression in HMS cells; it also 
shows an electrophoretogram depicting the relationship with 
the amount of GAPDH mRNA expression; HMS cells were all 

25 treated with NGF at a final concentration of 100 ng/ml; the 
lane at the left end of each electrophoretogram is the 
marker; the vertical axis of the graph plots the percentage 
of the amount of mRNA expression for each exposure time of 
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NGF, with the amount of mRNA expression for exposure time 
zero being taken as 100%; the horizontal axis plots the 
exposure time of NGF. 

Fig. 25C shows by an elect rophoretogram and a bar 
5 graph the relationship between the exposure time of NGF and 
the amount of OPN mRNA expression in HMS cells; it also 
shows an electrophoretogram depicting the relationship with 
the amount of GAPDH mRNA expression; HMS cells were all 
treated with NGF at a final concentration of 100 ng/ml; the 

10 lane at the left end of each electrophoretogram is the 

marker; the vertical axis of the graph plots the percentage 
of the amount of mRNA expression for each exposure time of 
NGF, with the amount of mRNA expression for exposure time 
zero being taken as 100%; the horizontal axis plots the 

15 exposure time of NGF. 

Fig. 25D shows by an electrophoretogram and a bar 
graph the relationship between the exposure time of NGF and 
the amount of BSP mRNA expression in HMS cells; it also 
shows an electrophoretogram depicting the relationship with 

20 the amount of GAPDH mRNA expression; HMS cells were all 

treated with NGF at a final concentration of 100 ng/ml; the 
lane at the left end of each electrophoretogram is the 
marker; the vertical axis of the graph plots the percentage 
of the amount of mRNA expression for each exposure time of 

25 NGF, with the amount of mRNA expression for exposure time 
zero being taken as 100%; the horizontal axis plots the 
exposure time of NGF. 

Fig. 25E shows by an electrophoretogram and a bar 
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graph the relationship between the exposure time of NGF and 
the amount of type I collagen mRNA expression in HMS cells; 
it also shows an electrophoretogram depicting the 
relationship with the amount of GAPDH mRNA expression; 
5 HMS cells were all treated with NGF at a final 

concentration of 100 ng/ml; the lane at the left end of 
each electrophoretogram is the marker; the vertical axis of 
the graph plots the percentage of the amount of mRNA 
expression for each exposure time of NGF , with the amount 

10 of mRNA expression for exposure time zero being taken as 
100%; the horizontal axis plots the exposure time of NGF. 

Fig. 26A shows by an electrophoretogram and a bar 
graph the relationship between the exposure time of BDNF 
and the amount of ALPase mRNA expression in HMS cells; it 

15 also shows an electrophoretogram depicting the relationship 
with the amount of GAPDH mRNA expression; HMS cells were 
all treated with BDNF at a final concentration of 100 
ng/ml; the lane at the left end of each electrophoretogram 
is the marker; the vertical axis of the graph plots the 

20 percentage of the amount of mRNA expression for each 

exposure time of BDNF, with the amount of mRNA expression 
for exposure time zero being taken as 100%; the horizontal 
axis plots the exposure time of BDNF. 

Fig. 26B shows by an electrophoretogram and a bar 

2 5 graph the relationship between the exposure time of BDNF 

and the amount of OCN mRNA expression in HMS cells; it also 
shows an electrophoretogram depicting the relationship with 
the amount of GAPDH mRNA expression; HMS cells were all 
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treated with BDNF at a final concentration of 100 ng/ml; 
the lane at the left end of each electrophoretogram is the 
marker; the vertical axis of the graph plots the percentage 
of the amount of mRNA expression for each exposure time of 
5 BDNF, with the amount of mRNA expression for exposure time 
zero being taken as 100%; the horizontal axis plots the 
exposure time of BDNF. 

Fig. 26C shows by an electrophoretogram and a bar 
graph the relationship between the exposure time of BDNF 

10 and the amount of OPN mRNA expression in HMS cells; it also 
shows an electrophoretogram depicting the relationship with 
the amount of GAPDH mRNA expression; HMS cells were all 
treated with BDNF at a final concentration of 100 ng/ml; 
the lane at the left end of each electrophoretogram is the 

15 marker; the vertical axis of the graph plots the percentage 
of the amount of mRNA expression for each exposure time of 
BDNF, with the amount of mRNA expression for exposure time 
zero being taken as 100%; the horizontal axis plots the 
exposure time of BDNF. 

20 Fig. 26D shows by an electrophoretogram and a bar 

graph the relationship between the exposure time of BDNF 
and the amount of BSP mRNA expression in HMS cells; it also 
shows an electrophoretogram depicting the relationship with 
the amount of GAPDH mRNA expression; HMS cells were all 

25 treated with BDNF at a final concentration of 100 ng/ml; 

the lane at the left end of each electrophoretogram is the 
marker; the vertical axis of the graph plots the percentage 
of the amount of mRNA expression for each exposure time of 
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zero being taken as 100%; the horizontal axis plots the 
exposure time of BDNF, 

Fig. 26E shows by an electrophoretogram and a bar 
graph the relationship between the exposure time of BDNF 
and the amount of type I collagen mRNA expression in HMS 
cells; it also shows an electrophoretogram depicting the 
relationship with the amount of GAPDH mRNA expression; HMS 
cells were all treated with BDNF at a final concentration 
of 100 ng/ml; the lane at the left end of each 
electrophoretogram is the marker; the vertical axis of the 
graph plots the percentage of the amount of mRNA expression 
for each exposure time of BDNF, with the amount of mRNA 
expression for exposure time zero being taken as 100%; the 
horizontal axis plots the exposure time of BDNF. 

Fig. 27A shows by an electrophoretogram and a bar 
graph the relationship between the exposure time of NT- 3 
and the amount of ALPase mRNA expression in HMS cells; it 
also shows an electrophoretogram depicting the relationship 
with the amount of GAPDH mRNA expression; HMS cells were 
all treated with NT- 3 at a final concentration of 100 
ng/ml; the lane at the left end of each electrophoretogram 
is the marker; the vertical axis of the graph plots the 
percentage of the amount of mRNA expression for each 
exposure time of NT-3, with the amount of mRNA expression 
for exposure time zero being taken as 100%; the horizontal 
axis plots the exposure time of NT-3. 

Fig. 27B shows by an electrophoretogram and a bar 
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graph the relationship between the exposure time of NT- 3 
and the amount of OCN mRNA expression in HMS cells; it also 
shows an electrophoretogram depicting the relationship with 
the amount of GAPDH mRNA expression; HMS cells were all 
5 treated with NT-3 at a final concentration of 100 ng/ml; 
the lane at the left end of each electrophoretogram is the 
marker; the vertical axis of the graph plots the percentage 
of the amount of mRNA expression for each exposure time of 
NT-3, with the amount of mRNA expression for exposure time 

10 zero being taken as 100%; the horizontal axis plots the 
exposure time of NT-3. 

Fig. 27C shows by an electrophoretogram and a bar 
graph the relationship between the exposure time of NT-3 
and the amount of OPN mRNA expression in HMS cells; it also 

15 shows an electrophoretogram depicting the relationship with 
the amount of GAPDH mRNA expression; HMS cells were all 
treated with NT-3 at a final concentration of 100 ng/ml; 
the lane at the left end of each electrophoretogram is the 
marker; the vertical axis of the graph plots the percentage 

20 of the amount of mRNA expression for each exposure time of 
NT-3, with the amount of mRNA expression for exposure time 
zero being taken as 100%; the horizontal axis plots the 
exposure time of NT-3. 

Fig. 27D shows by an electrophoretogram and a bar 

25 graph the relationship between the exposure time of NT-3 

and the amount of BSP mRNA expression in HMS cells; it also 
shows an electrophoretogram depicting the relationship with 
the amount of GAPDH mRNA expression; HMS cells were all 



•1 . 
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treated with NT- 3 at a final concentration of 100 ng/ml; 
the lane at the left end of each electrophoretogram is the 
marker; the vertical axis of the graph plots the percentage 
of the amount of mRNA expression for each exposure time of 
5 NT-3, with the amount of mRNA expression for exposure time 
zero being taken as 100%; the horizontal axis plots the 
exposure time of NT-3, 

Fig. 27E shows by an electrophoretogram and a bar 
graph the relationship between the exposure time of NT-3 

10 and the amount of type I collagen mRNA expression in HMS 
cells; it also shows an electrophoretogram depicting the 
relationship with the amount of GAPDH mRNA expression; HMS 
cells were all treated with NT-3 at a final concentration 
of 100 ng/ml; the lane at the left end of each 

15 electrophoretogram is the marker; the vertical axis of the 
graph plots the percentage of the amount of mRNA expression 
for each exposure time of NT-3, with the amount of mRNA 
expression for exposure time zero being taken as 100%; the 
horizontal axis plots the exposure time of NT-3. 

20 Fig. 28 is a bar graph showing the effects of ascorbic 

acid (Aa), NGF, BDNF and NT-3 on the proliferation of HMS 
cells; the vertical axis of the graph plots the percentage 
of the absorbance of each test group as relative to the 
control group; the vertical lines on the bars in the graph 

25 represent the range of mean ± standard deviation; * and ** 
mean p<0.05 and p<0.01, respectively (statistical testing 
by t- test ) . 

Fig. 29A is an optical microscopic view (x20) of a 
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bone defect at furcation which was packed with a transplant 
containing NGF (100 ng/ml), prepared in Example 8. 

Fig. 29B is a microscopic view (x20) of a bone defect 
at furcation which was packed with a transplant containing 
5 NT-3 (100 (ag/ml), prepared in Example 8. 
BEST MODES FOR CARRYING OUT THE INVENTION 

[0037] On the following pages, more specific embodiments 
of the present invention and methods for carrying out the 
invention are described. 

10 [0038] The term "periodontal tissue" as used herein 
means a tissue composed of the gingiva, alveolar bone, 
periodontal ligament (periodontal membrane), and cementum. 
[0039] "Gingiva" means the soft tissue that covers the 

cervical root surface and part of the alveolar bone; it 

15 consists of the gingival epithelium and the gingival lamina 
propria. 

[0040] "Periodontal ligament" means the connective 
tissue that bridges the alveolar bone and the cementum and 
is also known as the periodontal membrane. 

20 [0041] "Alveolar bone" is classified into the alveolar 
bone proper corresponding to the compact bone of the 
alveolar wall surrounding the dental root and the outer 
supporting alveolar bone consisting of the spongiosa and 
the compact bone . 

25 [0042] "Cementum" is the hard tissue in the outermost 

layer of the dental root and is classified into the 
cellular cementum that contains cementocytes and the 
acellular cementum that has no cementocytes . 
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[0043] "Dental pulp" is a tissue that controls the vital 
reactions of the teeth and forms dentin as it reacts to 
physiological or pathological stimuli. It is composed of 
pulp cells, nerve fibers, extracellular matrix, blood 
5 vessels, etc. 

[0044] "Regeneration" means reconstruction and 

reproduction of lost tissues, destroyed tissues and damaged 
tissues; "regeneration of the periodontal tissue" means 
restoring the periodontal tissue to an initial state so 

10 that it functions properly. 

[0045] "Repair" means healing of a wounded tissue as in 

case where in, the structure and functions of the wound 
have not yet been fully restored; and "repair of the 
periodontal tissue" includes the formation of an epithelial 

15 attachment to the dental root surface. 

[0046] "Preventing apical invasion of gingival 
epithelium along the dental root surface" means preventing 
gingival epithelium cells from growing toward the root apex 
along the dental root surface. 

20 [0047] "Transplant for periodontal tissue regeneration" 
is a material that enhances the regeneration of the 
periodontal tissue. In order to cause neurotrophic factors 
such as BDNF to act on a given In vivo site (e.g. a missing 
site of the alveolar bone) at a specified concentration, a 

25 certain scaffold is necessary. .A material working as such 
a scaffold is combined with a neurotrophic factor such as 
BDNF to provide the transplant of the present invention. 
[0048] "Periodontal diseases" means inflammatory 
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diseases involving the periodontal tissue that are caused 
by localized bacteria and the like. 

[0049] "Repaired dentin" means dentin formed as the 
result of external stimuli. 
5 [0050] "Pulpal diseases" means inflammatory diseases, 
retroplasia, etc. of the dental pulp. 

[00 51] The present invention is applicable to warm- 
blooded animals such as humans and it is particularly 
preferred to apply to humans. 
10 [0052] The neurotrophic factors such as BDNF, NGF, NT- 3 
and NT-4/5, which are to be used in the present invention, 
may be artificially produced by gene recombination or 
chemical synthesis; alternatively, they may be of native 
types . 

15 [0053] The therapeutic agent for periodontal diseases of 
the present invention is preferably applied topically in 
the form of a drug for external application. If desired, 
the therapeutic agent may be filled into a syringe or the 
like and injected into a periodontal pocket . It is also 

20 possible to administer the therapeutic agent to a missing 
part of the periodontal tissue during periodontal surgery. 
In this case, in order to assure a prolonged action at a 
specified concentration, it is also preferred to use the 
therapeutic agent of the present invention with an 

25 absorbable material such as a sheet, or a sponge, etc. The 
therapeutic agent is preferably administered after removing 
the infected periodontal tissue. The therapeutic agent of 
the present invention can also be administered locally in 
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the form of an injection. For example, it may be injected 
into the gingiva of a periodontal pocket or it may be 
injected into a cavity in the periodontal membrane near the 
alveolar crest. It may also be injected near the root 
5 apex . 

[0054] The repaired dentin morphogenesis enhancer of the 
present invention is preferably administered topically in 
the form of a drug for external application. For example, 
the repaired dentin morphogenesis enhancer in liquid, 

10 cream, paste or other form may be applied to the pulp 
exposure; alternatively, it may be applied to the pulp 
amputation or extirpation of the pulp. If desired, a sheet 
or sponge impregnated with the active ingredient may be 
applied to provide temporary seal for a certain period. 

15 Alternatively, in the case of replanting a tooth that 

dropped due to trauma or other cause, the enhancer may be 
applied to the root apex or the like. 

[0055] The therapeutic agent for periodontal diseases 
and the repaired dentin morphogenesis enhancer according to 

20 the present invention may assume a variety of dosage forms 
including those for external application such as cream, 
ointment and lotion which are produced by conventional 
pharmaceutical formulating procedures using 
pharmaceutically acceptable carriers or diluents; they may 

25 also include injections based on aqueous solvents. The 

therapeutic agent and the enhancer may also be in a powder 
dosage form and dissolved in a solubilizing fluid such as 
purified water just prior to use. 
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[0056] The therapeutic agent for periodontal diseases 
and the repaired dentin morphogenesis enhancer according to 
the present invention may be administered in doses that 
vary with the age of the subject, their sex, severity of 
5 the disease and other factors; in topical administration, 
normally, the dose is preferably in the range of 1 x 10~ 12 g 
to 1 x 10" 3 g, more preferably 1 x 10" 11 g to 1 x 10' 7 g, 
most preferably 1 x 10" 10 g to 1 x 10" 8 g, as a neurotrophic 
factor per tooth. Generally speaking, doses for local 
10 application by injection may be smaller than those used for 
external application . 

[0057] The transplant of the present invention 
preferably contains 1 x 10** 12 g to 1 x 10" 3 g, more 
preferably 1 x 10* 11 g to 1 x 10" 8 g, most preferably 1 x 
15 10" 10 g to 1 x 10" 9 g, of neurotrophic factors in a dose to 
be applied to one defect at furcation. 

[0058] The therapeutic agent for a periodontal disease, 
the repaired dentin morphogenesis enhancer and the 
transplant according to the present invention may be used 

20 in combination with other drugs as long as their efficacy 

is not impaired, BDNF, NGF, NT-3 and NT-4/5 may be used in 
combination with each other. They may also be used in 
combination with bone marrow derived mesemchymal stem cells 
(MSC), periodontal ligament cells, gingival fibroblasts, 

25 vascular endothelial cells, etc. They may also be combined 
with calcium hydroxide preparations, antibacterial agents, 
etc. 

[0059] The material to be combined with the neurotrophic 
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factor in the transplant of the present invention may be 
any material that causes no damage to the living body and 
can maintain the neurotrophic factor at the site to which 
it has been administered; preferred examples are a porous 
5 sheet and sponge. More preferred are biodegradable protein 
materials (collagen, gelatin, albumin, and platelet -rich 
plasma (PRP)) and tissue absorbing materials (polyglycolic 
acid (PGA), polylactic acid (PLA), poly(lactic acid-co- 
glycolic acid) (PLGA), hyaluronic acid (HA), and tricalcium 
10 phosphate (TCP)) since they need not be extracted later. 
Examples include TERUPLUGR (trade name of TERUMO 
CORPORATION), GC Membrane (trade name of GC Co., Ltd.) and 
Osferion (trade name of OLYMPUS CORPORATION). 
EXAMPLES 

15 [0060] The present invention is described in greater 

detail by means of the following examples. 

[0061] (Example 1) 

The effects of BDNF on human periodontal ligament 

cells (HPL cells) and human gingival keratinocytes (HGK) 
20 were investigated. 

[0062] (1) Cells Used 

(i) Human periodontal ligament cells (HPL cells) 

HPL cells were separated from the periodontal ligament 
of a healthy human premolar that had been extracted for the 
25 sake of convenience in orthodontic treatment. In order to 
prevent the entrance of cells from other connective tissues 
around the periodontal ligament , the healthy periodontal 
ligament at the middle of the dental root excluding the 
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cervical root surface and root apex of the extracted human 
premolar was detached with a scalpel and shredded. The 
shredded tissue was attached to a cell culture Petri dish 
of 60 mm diameter (CORNING, NY) and cultivated at 37°C in a 
5 5% C0 2 gas phase. The culture medium was Dulbecco's 

modified Eagle's medium ( DMEM , NISSUI PHARMACEUTICAL CO., 
LTD., Tokyo) supplemented with 10% FBS (GIBCO, Buffalo, 
NY), penicillin (100 U/ml; MEIJI SEIKA KAISHA, LTD., 
Tokyo), streptomycin (100 \xg/ml; MEIJI SEIKA KAISHA, LTD., 
10 Tokyo), and amphotericin B (1 \ig/ml; GIBCO); this culture 

medium is hereinafter designated "medium A" . The HPL cells 
in culture at passage 4-8 were used for the following 
experiment . 

[0063] (ii) Human gingival keratinocytes (HGK) 

15 Gingiva was obtained from patients after having their 

informed consent about the need to perform experiments 
using human cultured cells and the purpose of using the 
gingiva. The patients were suffering from pericoronitis of 
the wisdom teeth and when the causative wisdom teeth were 
20 being extracted, gingival pieces were acquired from an 

excess gingival flap. The obtained gingival pieces were 
treated with Dulbecco's PBS(-) (PBS(-) of NISSUI 
PHARMACEUTICAL CO., LTD.) supplemented with 0.01% 
ethylenediaminetetraacetic acid (EDTA) and 0.025% trypsin 
25 at 4°C for 24 hours to separate HGK. Primary culture was 
performed on MCDB 153 medium (Sigma) supplemented with 
bovine insulin (10 |ig/ml; Sigma, St. Louis, MO, USA), human 
transferrin (5 \xg/ml; Sigma), 2-mercaptoethanol (10 jxM) , 
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2-aminoethanol (10 \*M) , sodium selenite (10 \xM) , bovine 
pituitary gland extract (50 \ig/ml) , penicillin (100 U/ml), 
streptomycin (100 jxg/ml) , and amphotericin B (50 ng/ml); 
this culture medium is hereinafter designated "medium C". 
5 The culture was performed on a Petri dish of 60 mm diameter 
(SUMILON CELTITE C-l of SUMITOMO BAKELIGHT COMPANY LIMITED, 
Tokyo) coated with bovine type I collagen at 3 7°C in a 5% 
C0 2 gas phase. The HGK in culture at passage 3-4 were used 
for the following experiment. 
10 [0064] (2) Expression of BDNF and its Receptor in HPL 

Cells 

The expression of mRNA for BDNF and TrkB in HPL cells 
and human periodontal ligament was investigated by reverse 
transcriptase PCR using a 1st Strand cDNA Synthesis Kit for 

15 RT-PCR (Roche, Indianapolis). 

[0065] The HPL cells obtained in (l)(i) above were 
recovered at the time when they reached confluence; the 
cells were then dissolved in ISOGEN (Nippon Gene, Tokyo) 
and centrifuged after adding chloroform; to the resulting 

20 aqueous phase, isopropanol was added to extract total RNA. 
[0066] The human periodontal ligament obtained in (l)(i) 
above was homogenized in ISOGEN and centrifuged after 
adding chloroform; to the resulting aqueous phase, 
isopropanol was added to extract total RNA. 

25 [0067] Portions (1 \ig each) of the purified total RNA 
were reverse transcribed using oligo dT primers; the 
resulting cDNA was amplified by 30 cycles of PCR and 
electrophoresed on 1.5% agarose gel. Glyceraldehyde 
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3 -phosphate dehydrogenase (GAPDH) was used as a control. 
[0068] The results are shown in Fig. 1. The control was 
glyceraldehyde 3 -phosphate dehydrogenase (GAPDH). As is 
clear from the electrophoretograms , mRNAs of BDNF and TrkB 
5 were expressed in the human periodontal ligament and it was 
confirmed that mRNAs of BDNF and TrkB had also been 
expressed in the HPL cells cultured after being separated 
from the human periodontal ligament. 
[0069] (3) Treatment of the Cells with BDNF 

10 (i) HPL cells 

The HPL cells obtained in (l)(i) above were cultivated 
on Petri dishes of 60 mm diameter (SUMILON CELTITE C-l) 
coated with bovine type I collagen at 37°C in a 5% C0 2 gas 
phase for 13 days at a density of 3.5 x 10 5 cells per Petri 

15 dish using medium A supplemented with 50 ng/ml of L- 

ascorbic acid. The culture medium used in this cultivation 
is designated "medium B" . The medium was changed once 
every two days. At 0, 3, 6, 12 and 24 hours before the end 
of cultivation at day 14, the cells were washed twice with 

20 DMEM and medium was changed for a serum- free culture medium 
containing BDNF (Recombinant Human BDNF, R&D System, 
Minneapolis, USA) at a final concentration of 0, 1, 10, 50 
or 100 ng/ml (the medium being DMEM supplemented with 
penicillin (100 U/ml) , streptomycin (100 fig/ml), 

25 amphotericin B (1 ng/ml; GIBCO) and L-ascorbic acid (50 
txg/ml)). This culture medium is designated "medium D" . 
[0070] (ii) HGK 

The HGK obtained in (l)(ii) above were inoculated on a 
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96 -well plate (SUMILON CELTITE C-l Plate 96F of SUMITOMO 
BAKELIGHT COMPANY LIMITED) coated with bovine type I 
collagen at a density of 2 x 10 3 cells/well and cultivated 
at 37°C in a 5% C0 2 gas using medium C. The medium was 
changed once every two days. At day 4 or 5 in a cell 
proliferation phase, the cells on the plate were washed 
twice with MCDB 153 medium and medium was changed for a 
culture medium containing BDNF at a final concentration of 
0, 1, 10, 25, 50 or 100 ng/ml (the medium having the same 
composition as medium C except that it did not contain a 
bovine pituitary extract). The cell was cultured for 
24 hours. 

[0071] (4) Expression of Bone-related Proteins in HPL 
Cells 

(i) Expression of mRNA 

HPL cells were treated with BDNF at a final 
concentration of 0, 1, 10, 50 or 100 ng/ml by the same 
procedure as described in (3)(i) above and total RNA was 
extracted from the thus treated HPL cells with ISOGEN and 
purified. The expression of mRNA for alkali phosphatase 
(ALPase), bone morphogenetic protein-2 (BMP-2), bone 
morphogenetic protein-4 (BMP-4), osteopontin (OPN) and 
osteoprotegerin (OPG) was quantitatively analyzed by 
monitoring the process of generation of PCR products in 
real-time using ABI PRISM 7700 (Applied Biosystems, Tokyo) 
(real-time PCR method). GAHPD was used as a control. 
[0072] The results of measuring the time course effect 
of BDNF on the expression of mRNA for the respective bone- 
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related proteins are shown in Figs. 2A-2C, 3A and 3B, and 
the results of measuring the dose effect of BDNF are shown 
in Figs, 4A-4C. In each graph, * and ** mean p<0.05 and 
p<0.01, respectively (statistical testing by t-test). 
[0073] As is clear from those Figures, BDNF had no 
effect on the expression of mRNA for OPG and BMP-4 but 
increased the amount of mRNA expression for ALPase, BMP- 2 
and OPN in both a dose- and a time -dependent manner, 
[0074] (ii) Expression of Proteins 

The HPL cells obtained in (l)(i) above were seeded on 
a 48 -well plate (SUMILON CELTITE C-l Plate 48F of SUMITOMO 
BAKELITE COMPANY LIMITED) coated with bovine type I 
collagen at a density of 1 x 10 4 cells/well and cultivated 
for 13 days using medium B. The medium was changed once 
every two days. Twenty-four hours before the end of 
cultivation at day 14, the cells on the plate were washed 
twice with DMEM and medium was changed for serum- free 
medium D containing BDNF at a final concentration of 0 , 1, 
10, 25, 50 or 100 ng/ml. After the end of culture, the 
supernatant was recovered and the amounts of OPN and BMP -2 
secreted in the supernatant were measured by ELISA. For 
measuring the secreted OPN, a sandwich ELISA kit ( IBL , 
Gunma) was used, and a sandwich ELISA kit (R&D System) was 
used to measure the secreted BMP-2, 

[0075] Fig. 5 shows the results of measuring the time 
course effect and the dose effect of BDNF on the secretion 
of OPN and BMP -2 in HPL cells. In each graph, * and ** mean 
p<0.05 and p<0.01, respectively (statistical testing by 



\ j V 

- 40 - 

t-test). As is clear from Fig. 5, BDNF enhanced the 

secretion of OPN and BMP-2 in HPL cells. 

[0076] (5) Proliferation of HPL Cells and HGK 

The effects of BDNF on the ability of HPL cells and 
HGK to synthesize DNA were measured by EL ISA using a Cell 
Proliferation EL ISA System, Version 2 (Amersham Pharmacia 
Biotech) . 

[0077] The HPL cells obtained in (l)(i) above were 
seeded on a 96-well plate (SUMILON CELTITE C-l Plate 96F) 
coated with bovine type I collagen at a density of 5 x 10 3 
cells/well and cultivated for 10 days using medium B. The 
cells were washed twice with DMEM and cultivated for 24 
hours on medium B (supplemented with 0.3% FBS instead of 
10% FBS); thereafter, the medium was changed for a medium 
prepared by adding BDNF to the same medium at a final 
concentration of 0 , 1, 10, 25, 50 or 100 ng/ml; the cell 
was cultured for an additional 24 hours. Two hours before 
the end of the culture (viz. 22 hours after the addition of 
BDNF), bromodeoxyuridine (BrdU) was added to each well at a 
concentration of 10 ng/ml so that it was incorporated into 
the cells. The culture was performed at 37°C in a 5% C0 2 
gas phase. 

[0078] The HGK obtained in (l)(ii) above were cultivated 
and treated with BDNF by the same procedures as in (3) (11) 
above. Two hours before the end of the culture (viz. 22 
hours after the addition of BDNF). bromodeoxyuridine (BrdU) 
was added to each well at a concentration of 10 ng/ml so 
that it was incorporated into the cells. 
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[0079] After the end of culture, the HPL cells and HGK 
were fixed and then blocking was performed; a peroxidase 
labeled anti-BrdU antibody was allowed to act on the cells 
at room temperature for 2 hours and a TMB ( 3 , 3 ' , 5 , 5 * - 
tetramethylbenzidine) substrate was added to measure the 
absorbance at a wavelength of 450 nm with an absorptiometer 
(MICRO PLATE READER, TOSOH) . As a control, cells on which 
basic fibroblast growth factor (bFGF) had been allowed to 
act at final concentrations of 0, 0.3, 1, 3, 5 and 10 ng/ml 
for 24 hours were treated in the same way so as to measure 
their ability to synthesize DNA. 

[0080] The results are shown in Fig. 6; (A) is a bar 
graph showing the effects on HPL cells, and (B) is a bar 
graph showing the effects on HGK. In each graph, * and ** 
mean p<0.05 and p<0.01, respectively (statistical testing 
by t-test ) . 

[0081] As is clear from Fig. 6. BDNF enhanced the DNA 
synthesizing ability of HPL cells but had no effect on the 
DNA synthesizing ability of HGK. 
[0082] (6) Collagen Synthesis by HPL Cells 

The HPL cells obtained in (l)(i) above were seeded on 
a 48-well plate coated with bovine type I collagen and 
cultivated for 13 days using medium B. The medium was 
changed once every two days. At 0. 3, 6, 12 or 24 hours 
before the end of cultivation at day 14. the cells on the 
plate were washed twice with DMEM and medium was changed 
for serum-free medium D containing BDNF at a final 
concentration of 0, 1, 10, 25, 50 or 100 ng/ml. 
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[0083] Using a Procollagen type I C-peptide (PIP) EIA 
Kit (TAKARA) , the amount in which the HPL cells synthesized 
collagen was measured by ELISA. Using a monoclonal 
antibody (peroxidase -labeled) specific to type I 
procollagen C- terminal propeptide (PIP), the amount of 
collagen synthesized in the supernatant of the culture of 
HPL cells was determined by measuring the absorbance at a 
wavelength of 450 nm with an absorptiometer (MICRO PLATE 
READER) . 

[0084] The results are shown in Fig. 7; (A) shows the 
results of measuring the dose effect of BDNF on the 
synthesis of type I collagen, and (B) shows the results of 
measuring the time course effect. As is clear from Fig. 7, 
BDNF increased the amount of type I collagen synthesized by 
HPL cells. 
(Example 2) 

The effect of BDNF on beagle dogs as a model of class 
III furcation defect was investigated. 

[0085] TERUPLUGR (trade name of TERUMO CORPORATION) of 
8 mm diameter x 5 mm was impregnated with 25 \il each of 
BDNF solutions (in sterile physiological saline) at 
concentrations of 5, 25 and 50 jig/ml to prepare 
transplants . 

[0086] Seven female beagle dogs (12-20 months old, 
weighing 10-14 kg) were subjected to scaling and root 
planning of the teeth with a hand scaler while they were 
under sedation with intramuscularly injected DOMITOR (MEIJI 
SEIKA KAISHA. LTD.) Thereafter, at a frequency of once 
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every two days, the oral cavity of each animal was brushed 
and cleaned by the gargle ISO JIN (trade name of MEIJI SEIKA 
KAISHA, LTD.) containing povidone iodine as an active 
ingredient; this practice was continued for a month to 
establish a clinically healthy periodontal tissue in each 
animal . 

[0087] The beagle dogs were subjected to general 
anesthesia by intravenous injection of a pentobarbital - 
containing anesthetic and local infiltrated anesthesia was 
applied to the mandibular buccal gingiva on both the right 
and left sides; the gingival sulcus was incised between the 
distal part of the first premolar and the mesial part of 
the first molar and the gingiva was detached to form a 
mucoperiosteal flap. Subsequently, the alveolar bones at 
the furcation regions of the second, third and fourth 
premolars on both the right and left sides were removed 
with a round bur and a bone chisel to prepare bone defects 
at furcation of class III (according to the classification 
by Lindhe & Nyman) . The size of each bone defect was such 
that it extended from the area beneath the untreated 
furcation to about 4 mm toward the root apex. 
[0088] The residual cementum on the exposed dental root 
surface was removed with a hand scaler and the interior of 
each bone defect at the furcation was thoroughly washed 
with physiological saline to rinse off the debris, followed 
by packing with the TERUPLUGR transplant of 8 mm diameter x 
5 mm per site. A TERUPLUGR transplant of 8 mm diameter x 5 
mm that did not contain BDNF but which was only impregnated 
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with 25 pi of sterile physiological saline was packed into 
the same bone defect to prepare a control. 

[0089] Six weeks after the operation, the animals were 
systemically perfused with 4% paraformaldehyde under 
5 general anesthesia by intravenous injection of a 

pentobarbital-containing anesthetic. After the perfusion, 
the mandible of each animal was dissected and the treated 
teeth and periodontal tissue were extracted en bloc. The 
obtained sample was fixed with 4% paraformaldehyde, 

10 decalcified with 10% EDTA, followed by dehydration with 

graded alcohol and embedding in paraffin in accordance with 
the usual practice. From this specimen, serial sections 
(about 5 |xm thick) were cut in the mesial-distal plane 
through the buccal -lingual extension of the tooth and they 

15 were stained with hematoxylin and eosin (H&E) . 

[0090] Among the thus prepared tissue specimens, those 
which were cut in the mesial-distal plane through the 
buccal -lingual extension of the tooth and which had been 
cut near the midroot were chosen and subjected to tissue 

20 examination and measurement with an optical microscope 

(ECLIPSE E600, NIKON). The percent bone regeneration was 
expressed as the ratio (in percentage) of the area of the 
regenerated alveolar bone to the area of the exposed defect 
at furcation. The percent cementum regeneration was 

25 expressed as the ratio (in percentage) of the length of the 
regenerated cementum to the length of the exposed dental 
root surface. 

[0091] The results are shown in Figs. 8, 9A, 9B and 10. 
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Fig* 8 (A) shows the results of measuring the effect of 
BDNF on the regeneration of cementum; Fig. 8 (B) shows the 
results of measuring the effect of BDNF on the regeneration 
of alveolar bone. Fig. 9A shows a hematoxylin -eos in 
5 stained specimen of the bone defect at furcation which was 
not administered BDNF (control), and Fig. 9B is an optical 
microscopic view (x20) of the bone defect at furcation 
which was administered BDNF (packed with the transplant 
containing BDNF (5 |i,g/ml)). Fig. 10 is a partial enlarged 
10 view (x200) of the area just beneath the furcation in Fig. 
9B. 

[0092] As is clear from Fig. 8, when administered BDNF, 
the dog model of class III furcation defect had discernible 
regeneration of the cementum and the alveolar bone. 

15 [0093] In the control specimen shown in Fig. 9A, some 

degree of regeneration was observed in the cementum, 
alveolar bone and periodontal ligament but it merely 
extended from the bottom of the bone defect to 
approximately one half the way toward the corona. In the 

20 defective area right under the furcation, there was no 

discernible regeneration of the cementum and the alveolar 
bone but there was observed an invasion of the epithelium; 
that area was practically occupied with a connective tissue 
mainly consisting of fibroblasts, collagen fibers and blood 

25 vessels. 

[0094] In the specimen of the bone defect at furcation 
which was administered BDNF shown in Figs. 9B and 10, the 
cementum was regenerated in almost all parts of the exposed 
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dental root surface and there was no discernible invasion 
of the epithelium. In addition, a periodontal ligament 
maintaining a certain width was observed between the 
regenerated cementum and the regenerated alveolar bone. 
5 ( Example 3 ) 

The effects of NGF on HPL cells and HGK were 
investigated . 

[0095] (1) Expression of NGF and its Receptor in HPL 
Cells 

10 By the same procedures as in Example 1(2) described 

above, total RNA was recovered from HPL cells and purified. 
With the obtained total RNA being used as a sample, the 
expression of mRNA for NGF and TrkA was measured by 
Northern blotting. GAPDH was used as a control. 

15 [0096] The results are shown in Figs. 11A and 11B. 

Fig. 11A shows the expression of mRNA for NGF, and Fig. 11B 
shows the expression of mRNA for TrkA. As is clear from 
the Figures, it was confirmed that mRNA of NGF and mRNA of 
TrkA had been expressed in the HPL cells. 

20 [0097] (2) Expression of Bone-related Proteins in HPL 

Cells 

The effects of NGF on the expression of mRNA for 
bone-related proteins in HPL cells were investigated. 
[0098] HPL cells were treated by the same procedure as 
25 in Example 1(4) (i) except that BDNF was replaced by NGF 
(Recombinant Human NGF, R&D System, Minneapolis, USA) at 
final concentrations of 0, 5, 10, 25, 50 and 100 ng/ml. 
The amounts in which the NGF-treated HPL cells expressed 
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the mRNAs of ALPase, BMP -2 and OPN were measure^ by the 
same method as in Example 1(4) (i). 

[0099] Figs, 12, 13 and 14 show the results of measuring 
the time course effect and the dose effect of NGF on the 
5 expression of mRNA for OPN, ALPase and BMP-2, respectively. 
In each graph, * and ** mean p<0.05 and p<0.01, 
respectively. Testing was done by t-test. 
[0100] As is clear from Figs. 12, 13 and 14, NGF 
increased the expression of mRNA for ALPase, BMP-2 and OPN 
10 in both a dose- and a time -dependent manner. 

[0101] (3) Proliferation of HPL Cells and HGK 

The effects of NGF on the ability of HPL cells and HGK 
to synthesize DNA were measured. 

[0102] HPL cells and HGK were treated by the same method 
15 as in Example 1(5) except that BDNF was replaced by NGF at 
final concentrations of 0, 5, 10, 25, 50 and 100 ng/ml. 
The ability of the NGF -treated HPL cells and HGK to 
synthesize DNA was measured by the same method as in 
Example 1(5). 

20 [0103] The results are shown in Fig. 15. The exposure 

time of NGF was 24 hours in all runs; (A) shows the effects 
on HPL cells, and (B) shows the effects on HGK. In each 
graph, * and ** mean p<0.05 and p<0.01, respectively. 
Testing was done by t-test. 

25 [0104] As is clear from Fig. 15, NGF enhanced the DNA 
synthesizing ability of HPL cells but lowered the DNA 
synthesizing ability of HGK. 
(Example 4) 
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The effects of NT- 3 on HPL cells and HGK were 
investigated . 

[0105] (1) Expression of NT-3 and its Receptor in HPL 

Cells 

5 By the same procedures as in Example 1(2) described 

above, total RNA was recovered from HPL cells and purified. 
With the obtained total RNA being used as a sample, the 
expression of mRNA for NT-3 and TrkC was measured by 
Northern blotting. GAPDH was used as a control. 

10 [0106] The results are shown in Figs. 16A and 16B. Fig. 
16A shows the expression of mRNA for NT-3, and Fig. 16B 
shows the expression of mRNA for TrkC. As is clear from 
the Figures, it was confirmed that mRNA of NT-3 and mRNA of 
TrkC had been expressed in the HPL cells. 

15 [0107] (2) Expression of Bone-related Protein in HPL 

Cells 

The effects of NT-3 on the ALPase activity in HPL 
cells were investigated. 

[0108] HPL cells were treated by the same procedure as 
20 in Example 1(3) (i) except that BDNF was replaced by NT-3 
(Recombinant Human NT-3, R&D System, Minneapolis, USA) at 
final concentrations of 0 , 1, 10 and 50 ng/ml, and their 
ALPase activity was quantitated in accordance with the 
Bessey-Lowry method. Stated more specifically, the NT-3 
25 treated HPL cells were washed three times with a phosphate 
buffer and after adding 10 mM Tris-HCl buffer, the cells 
were sonicated under ice cooling to prepare a sample. The 
ALPase activity in the sample was measured with an ALPase 



measuring kit (Wako Pure Chemical Industries, Ltd.) using 
p-nitrophenyl phosphate as a substrate. 

[0109] Fig. 17 shows the results of measuring the dose 
effect of NT- 3 on ALPase activity. The exposure time of 
NT-3 was 24 hours in all runs. As is clear from the 
Figure, NT-3 did not have much effect on ALPase activity. 
[0110] (3) Proliferation of HPL Cells 

HPL cells separated by the same method as in Example 
1(1) were treated by the same method as in Example 1(5) 
except that BDNF was replaced by NT-3 at final 
concentrations of 0, 1, 5, 10, 50 and 100 ng/ml. Their 
ability to synthesize DNA was measured by the same method 
as in Example 1(5). 

[0111] The results are shown in Fig. 18. The exposure 
time of NT-3 was 24 hours in all runs. In the graph, * and 
** mean p<0.05 and p<0.01, respectively. Testing was done 
by t-test. As is clear from the Figure, NT-3 enhanced the 
DNA synthesizing ability of HPL cells. 
(Example 5) 

The expression of mRNA for bone-related proteins by 
NT-4/5 in human periodontal ligament cells (HPL cells) was 
investigated. 

[0112] (1) Treatment of HPL Cells with NT-4/5 

The HPL cells obtained in Example 1(1) (i) above were 
cultivated on Petri dishes of 60 mm diameter (SUMILON 
CELTITE C-l) coated with bovine type I collagen at 37°C in 
a 5% C0 2 gas phase for 13 days at a density of 3.5 x 10 5 
cells per Petri dish using medium B (50 fxg/ml) . The medium 
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was changed once every two days. At 0. 3, 6, 12 and 24 
hours before the end of cultivation at day 14, the cells 
were washed twice with DMEM and medium was changed for 
medium D containing NT-4/5 (R&D) at a final concentration 
of 50 ng/ml. 

[0113] (2) Expression of mRNA in HPL Cells 

HPL cells were treated with NT-4/5 at a final 
concentration of 50 ng/ml by the same procedure as 
described in (3)(i) above and total RNA was extracted from 
the thus treated HPL cells with ISOGEN and purified. The 
expression of mRNA for ALPase, BMP-2. OPN, osteocalcin 
(OCN), BMP-7, BMP-4 and OPG was quantitatively analyzed by 
monitoring the process of generation of PCR products in 
real-time using ABI PRISM 7700 (Applied Biosystems, Tokyo) 
(real-time PCR method). GAPDH was used as a control. 
[0114] The results of measuring the time course effect 
of NT-4/5 on the expression of mRNA for the respective 
bone-related proteins are shown in Figs. 19A, 19B and 19C. 
In each graph, * and ** mean p<0.05 and p<0.01, 
respectively (statistical testing by t-test). As is clear 
from those Figures, NT-4/5 enhanced the expression of mRNA 
for OPN, BMP-2, ALPase, OCN and BMP-7 in HPL cells but had 
no effect on the expression of mRNA for BMP-4 and OPG (data 
not shown) . 

(Example 6) 

The effects of NGF , BDNF, NT-3 and NT-4/5 on human 
pulp cells (HP cells) were investigated. 
[0115] (l) cells Used 



Healthy dental pulp that had been obtained for the 
sake of convenience in dental pulp removal was shredded. 
The shredded tissue was attached to a cell culture Petri 
dish of 60 mm diameter (CORNING, NY) and cultivated on 
medium A at 37°C in a 5% C0 2 gas phase. HP cells in culture 
at passage 4-8 were used for the following experiment. 
[0116] (2) Treatment of the Cells with NGF , BDNF , NT -3 
and NT- 4/5 

NGF, BDNF, NT -3 or NT- 4/ 5 was added to medium D at 
final concentrations of 0. 5, 10, 25, 50 and 100 ng/ml to 
prepare culture mediums containing those neurotrophic 
factors at the indicated concentrations. The HP cells 
obtained in (1) above were cultivated on Petri dishes of 
60 mm diameter (SUMILON CELTITE C-l) coated with bovine 
type I collagen at 37°C in a 5% C0 2 gas phase for 13 days at 
a density of 3.5 x 10 5 cells per Petri dish using medium B. 
The medium was changed once every two days. Twenty-four 
hours before the end of cultivation at day 14, the cells 
were washed twice with DMEM and medium was changed for 
either one of the neurotrophic factors containing culture 
mediums . 

[0117] (3) Expression of mRNA in HP Cells 

From the HP cells of (1) above treated with NGF, BDNF, 
NT-3 or NT-4/5 at the indicated concentrations for 24 
hours, total RNA was extracted using ISOGEN and purified. 
The expression of mRNA for ALPase, BMP-2, dentin 
sialophosphoprotein (DSPP), type I collagen, OPN and OCN 
was quantitatively analyzed by monitoring the process of 
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generation of PCR products in real-time using ABI PRISM 
7700 (Applied Biosystems , Tokyo) (real-time PCR method). 
GAPDH was used as a control. 

[0118] The results of measuring the dose effects of NGF, 
BDNF, NT-3 and NT-4/5 on the expression of mRNA for the 
respective bone-related proteins are shown in Figs. 20, 21, 
22 and 23, respectively. As is clear from those Figures, 
NGF, BDNF, NT-3 and NT-4/5 enhanced the expression of mRNA 
for ALPase, BMP- 2, DSPP, OPN and OCN in HP cells. BDNF and 
NT-4/5 also enhanced the expression of mRNA for type I 
collagen . 

[0119] (4) Proliferation of HP Cells 

The effects of NGF, BDNF, NT-3 and NT-4/5 on the 
ability of HP cells to synthesize DNA were measured by 
EL ISA using a Cell Proliferation ELISA System, Version 2 

(Amersham Pharmacia Biotech) . 

[0120] To medium B supplemented with 0.3% FBS instead of 
10% FBS, each of NGF, BDNF, NT-3 and NT-4/5 was added at 
final concentrations of 0 , 5, 10, 25, 50 and 100 ng/ml to 
prepare culture mediums containing those neurotrophic 
factors . 

[0121] The HP cells obtained in (1) above were seeded on 
a 96-well plate (SUMILON CELTITE C-l Plate 96F) coated with 
bovine type I collagen at a density of 5 x 10 3 cells/well 
and cultivated for 10 days using medium B. The cells were 
washed twice with DMEM and cultivated for 24 hours on 
medium B, except that it was supplemented with 0.3% FBS 
instead of 10% FBS; thereafter, the medium was changed for 
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either one of the above-described neurotrophic factors 
containing culture mediums, and culture was continued for 
an additional 24 hours. Two hours before the end of the 
culture (viz. 22 hours after the addition of the 
neurotrophic factors), bromodeoxyuridine (BrdU) was added 
to each well at a concentration of 10 ng/ml so that it was 
incorporated into the cells. Culture was performed at 37°C 
in a 5% C0 2 gas phase. 

[0122] After the end of culture, the HP cells were fixed 
and then blocking was performed; a peroxidase labeled anti- 
BrdU antibody was allowed to act on the cells at room 
temperature for 2 hours and a TMB (3,3' ,5,5'- 
tetramethylbenzidine) substrate was added to measure the 
absorbance at a wavelength of 450 nm with an absorptiometer 
(MICRO PLATE READER, TOSOH) . 

[0123] The results are shown in Fig. 24, from which it 
is clear that NGF, BDNF , NT-3 and NT-4/5 enhanced the DNA 
synthesizing ability of HP cells. 
(Example 7) 

The effects of NGF, BDNF, NT-3 and ascorbic acid on 
human mesenchymal stem cells (HMS cells) were investigated. 
[0124] (l) Cells Used 

HMS cells were separated in accordance with the method 
of Tsutsumi et al . (S. Tsutsumi: BBRC, 26. 288(2), 2001). 
To be specific, when a wisdom tooth was removed from 
patients who gave a fully informed consent to the 
experiment, the mandibular bone was punctured to aspirate 
bone marrow. The bone marrow was immediately mixed with 
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Dulbecco's modified Eagle's medium ( DMEM , Sigma, USA) 
supplemented with heparin sodium (200 U/ml, Sigma, USA) and 
the mixture was centrifuged (150g, 5 min) . After the 
centrifugation, the supernatant was removed and the 
resulting cell component was suspended in DMEM containing 
10% fetal calf serum (FCS, Biological Industries, Israel), 
100 units/ml of penicillin (MEIJI SEIKA KAISHA, LTD., 
Tokyo), 100 ng/ml of streptomycin (MEIJI SEIKA KAISHA, 
LTD., Tokyo) and 1 ng/ml of amphotericin B (GIBCO, USA) and 
the suspension was seeded on cell culture Petri dishes of 
100 mm diameter (Corning, USA) such that the bone marrow 
was at 200-500 nl/dish and the medium was at 10 ml/dish. 
Culture was performed at 37°C in a 5% C0 2 gas phase. 
Subsequently, medium change was done every four days. Just 
before the proliferating cells had reached confluence, 
phosphate buffered physiological saline (PBS, NISSUI 
PHARMACEUTICAL CO.. LTD., Tokyo) containing 0.05% trypsin 
(Difco, USA), 0.02% EDTA (KATAYAMA CHEMICAL INDUSTRIES Co., 
Ltd., Osaka), 100 units/ml of penicillin and 100 ng/ml of 
streptomycin was used to disperse the cells . The cells 
thus dispersed were suspended in DMEM supplemented with 20% 
FCS, 10% dimethyl sulfoxide (DMSO, KATAYAMA CHEMICAL 
INDUSTRIES Co., Ltd.. Osaka), 100 units/ml of penicillin 
and 100 ug/ml of streptomycin; the suspended cell density 
was 1.0 x 10 6 cells /ml; the suspension was distributed in 
1-ml portions among serum tubes (SUMITOMO BAKELITE COMPANY 
LIMITED, Tokyo), cooled at -20°C for 2 hours, then at -80°C 
overnight before storage in liquid nitrogen. 
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[0125] (2) Expression of mRNA for Bone-related Proteins 
in HMS Cells 

(i) Treatment of cells with NGF , BDNF and NT- 3 

The HMS cells obtained in (1) above were suspended in 
5 10% FCS containing DMEM (supplemented with 100 units/ml of 
penicillin (MEIJI SEIKA KAISHA, LTD., Tokyo), 100 jxg/ml of 
streptomycin (MEIJI SEIKA KAISHA, LTD., Tokyo) and 1 jxg/ml 
of amphotericin B (GIBCO, USA) ) and the suspension was 
seeded on a 6 -well cell culture plate at a density of 1.0 x 

10 10 5 cells/well. The cells were cultivated for a week and 
just before they had reached confluence, the medium was 
changed for FCS-free DMEM (supplemented with 100 units/ml 
of penicillin (MEIJI SEIKA KAISHA, LTD., Tokyo), 100 H9/ml 
of streptomycin (MEIJI SEIKA KAISHA, LTD., Tokyo) and 

15 1 jxg/ml of amphotericin B (GIBCO, USA)) and either one of 

NGF, BDNF and NT- 3 was allowed to act for 12 or 24 hours at 
a concentration of 100 ng/ml. After the end of culture, 
total RNA was extracted using ISOGEN (trade name). 
[0126] (ii) Expression of mRNA 

20 PCR was performed using primers specific to ALPase, 

OCN, OPN, bone sialoprotein (BSP) and type I collagen. The 
PCR consisted of denaturation at 94°C for 2 minutes, 30 
cycles of 94°C x 15 seconds, annealing for 30 seconds and 
72°C x 50 seconds (but 35 cycles in the case of BSP), 

25 followed by extension at 72°C for 7 minutes. The PCR 

products obtained were electrophoresed on a 2% agarose gel 
containing 0.002% ethidium bromide. The density of the 
bands after electrophoresis was measured using NIH image. 
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[0127] The results are shown in Figs, 25A-25E, 26A-26E 
and 27A-27E. As is clear from the Figures, NGF had no 
marked effect on the expression of mRNA for any of ALPase, 
OCN, OPN, BSP and type I collagen in HMS cells. BDNF highly 
5 enhanced the expression of mRNA for ALPase, OPN, BSP and 
BMP- 2 while enhancing the expression of the OCN gene to 
some extent. NT- 3 enhanced the expression of mRNA for 
ALPase and type I collagen. 

[0128] (3) The Effects of Ascorbic Acid, NGF, BDNF and 

10 NT- 3 on the Proliferation of HMS Cells 

The HMS cells obtained in (1) above were suspended in 
10% FCS containing DMEM (product of NISSUI PHARMACEUTICAL 
CO., LTD.; supplemented with 100 units/ml of penicillin 
(MEIJI SEIKA KAISHA, LTD., Tokyo), 100 [xg/ml of 

15 streptomycin (MEIJI SEIKA KAISHA, LTD., Tokyo) and 1 jig/ml 
of amphotericin B (GIBCO, USA)) and the suspension was 
seeded on a 96-well cell culture plate (Corning, USA) at a 
density of 5.0 x 10 3 cells/well. In the test groups, 
50 \xg/ml of ascorbic acid (Sigma, USA) or 100 ng/ml of NGF 

20 (FUNAKOSHI, Tokyo) or 100 ng/ml of BDNF (FUNAKOSHI, Tokyo) 
or 100 ng/ml of NT-3 (FUNAKOSHI, Tokyo) was singly added to 
the culture medium 24 hours after the start of culture, and 
cultivation was continued for 7 more days. Medium change 
was done on day 4. The control group was cultivated on 10% 

25 FCS containing DMEM (product of NISSUI PHARMACEUTICAL CO., 
LTD.; supplemented with 100 units/ml of penicillin (MEIJI 
SEIKA KAISHA, LTD., Tokyo), 100 [xg/ml of streptomycin 
(MEIJI SEIKA KAISHA, LTD., Tokyo) and 1 jig/ml of 



- 57 - 



amphotericin B (GIBCO, USA)). After 7 days of culture, the 
mediums were entirely changed for 10% FCS containing DMEM 
(supplemented with 100 units/ml of penicillin (MEIJI SEIKA 
KAISHA, LTD., Tokyo), 100 ng/ml of streptomycin (MEIJI 
5 SEIKA KAISHA, LTD., Tokyo) and 1 M-g/ml of amphotericin B 

(GIBCO, USA)) and the number of viable cells was counted by 
absorbance measurement at 490 nm with CellTiter 96 (trade 
name) AQueous One Solution Cell Proliferation Assay Kit 
(Promega, USA) . 

10 [0129] The results are shown in Fig. 28. The vertical 

axis of the graph plots the percentage of the absorbance in 
the test groups as against the control group. In the 
graph, * and ** mean p<0.05 and p<0.01, respectively 
(statistical testing by t-test). As is clear from the 

15 Figure, the HMS cells cultivated on the medium supplemented 
with either one of ascorbic acid, NGF, BDNF and NT- 3 showed 
a significantly higher tendency to proliferate than the 
control. In particular, the proliferation enhancing effect 
of ascorbic acid, BDNF and NT -3 was stronger than that of 

20 NGF. 

( Example 8 ) 

The effects of NGF and NT- 3 on beagle dogs as models 
of class III furcation defect were investigated. 
[0130] Experiments were conducted as in Example 2, 
2 5 except that TERUPLUGR of 8 mm diameter x 5 mm impregnated 
with 25 \il of a NGF solution (in sterile physiological 
saline) at a concentration of 100 ^ig/ml instead of the BDNF 
solutions (in sterile physiological saline) at 
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concentrations of 5, 25 and 50 [xg/ml, as well as TERUPLUGR 
of the same size which was impregnated with 25 |ml of a NT-3 
solution (in sterile physiological saline) at a 
concentration of 100 \ig/ml were used as transplants. Among 
5 the tissue specimens prepared (and hematoxylin-eosin 

stained) , those which were cut in the mesial-distal plane 
through the buccal-lingual extension of the tooth and which 
had been cut near the midroot were chosen and examined 
under an optical microscope (ECLIPSE E600, NIKON). 

10 [0131] Fig. 29A is an optical microscopic view of the 
bone defect at furcation packed with the NGF containing 
transplant, and Fig. 2 9B is an optical microscopic view 
(x20) of the bone defect at furcation packed with the NT-3 
containing transplant . As is clear from the 

15 microphotographs , regenerated bone was observed in the dog 
models of class III furcation defect in response to the 
administration of NGF or NT-3. 
INDUSTRIAL APPLICABILITY 

[0132] The therapeutic agent for periodontal diseases, 
2 0 the repaired dentin morphogenesis enhancer, the therapeutic 
method, the transplant for periodontal tissue regeneration, 
and the method for regenerating the periodontal tissue 
according to the present invention have a potential to 
become effective in the treatment of periodontal diseases 
2 5 and endodontic therapy. 



